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Olio  note  deals  with  a quite  crude  oalculation  of  the  longitudinal 
atebility  of  a hypothetical  supersonic  doaign,  but  nevertheless  appoara  to 
indies to  quite  clearly  what  the  general  nature  of  the  stability  of 
supersonic  aircraft  will  be.  It  la  shown  that  the  longitudinal  biquadratic 
splits  very  sharply  into  too  quadratics  and  that  the  chareoteris ties  of  the 
longitudinal  disturbed  notion  are  a vwli-danped  oscillation  of  quite  short 
period  end  a phugaid  oscillation  of  nearly  aero  daaping  and  very  long 
period.  The  periods  and  daaping  factors  car.  be  roughly  estimated  by  vary 
sissplo  aeans . It  is  not  elaiaod  that  these  results  aro  in  any  way  novel, 
but  the  writer  felt  that  Guay  eight  not  havo  been  generally  appreciated  by 
those  not  directly  working  cm  the  avnyoct  of  n uporsonic  stability. 


The  plan  of  the  hypothetical  cropland  is  given  in  Fig.1  and  was 
arrived  at  by  postulating  that  it  should  fly  at  li  a 1,8  at  1*0,000  ft.  at 
a lift  coefficient  of  0.1 . Ac  will  bo  soon  in  the  sequel,  very  wide 
variations  in  these  assunpUcna  would  not  affoct  the  basic  conclusions 
drawn  for  the  analysis.  The  following  leadir.g  dinonsiona  and  quantities 
oob»  ftren  the  above  aaaunptidRs  and  fro?  the  sketch  plan,  which  was  neraly 
ccBploted  by  eye*  The  C.O.  was  team  to  bo  st  half  length. 


Overall  length 
Si nc  arc',  (net) 

Tail  area  (net) 

Tall  leverage 
Ting  CP  behind  C.C. 
Sweep 
Te ifibt 

Radius  of  gyration 

q « ipF2  » 

qp  b 


50  ft. 

195  sq.  ft. 

JO  aq.  ft. 

20  ft. 
i ft. 
about  US° 

18,000  lb  (560  alug*  aasa) 
12  ft. 


The  lift  waa  assumed  to  ba  all  cc  the  vinga  and  the  values  of 
dOb/te  (used  for  both  win g*  and  tail}  waa  bbtainsd  frost  a generalised 
ourvo  of  lift  slops  at  supersonic  speeds,  obtained  from  various  swept- 
back  and  delta  wing  tecta.  The  following  basic  table  was  derived:- 


w 


. 

f 


V>*(C  Vy^-TT-  \f±£  ' . .?  ~1  .-£■-,'  Z'SfY  : ,^7?>£v:/  ; 

1 ■'•:'•*  -‘  ;'  ’ / 


r:%. : ■'■ 


- 2 * 


u 

0 

(ft/sec.) 

dCj/da 

dCj/do° 

1.3 

1260 

3.33 

0.0591 

1.5 

ii*50 

2.60 

0,055 

1.7 

164.0 

2.25 

0.0392 

1.9 

1840 

2.00 

0.031*8 

Tho  old  notation  (of  &airstc*r)  ms  ua«;d  with  X wd.3  along 
wind  end  the  derivative#  wo  calculated  as  follows:-* 
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tho  angle  of  incidence  only  varies  frets  3*26  to  2.57  dflgroeo  over 
tho  range  of  if*.  It  was  asassaod  that  this  angle  would  bo  close  to  that 
fear  aajdUBSJB  L/D  and  that  this  quantity  would  bo  of  order  5- 

Hence  Xy  - V$- 
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Frees  .‘uacricnr.  wind  tumol  toots  on  a body  very  sicsilcr  to  that 
oasuned  it  was  fovssl  that  dC^/da0  was  Q.OOI^i  oiprossod  on  wing  area  and 
with  tho  length  of  the  body  as  the  characteristic  dinenaiun,  and  that  it 
eu  very  nearly  independent  of  K.  Interference  between  -wing  end  tail  was 

noglootvd . 
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is  tho  body  length. 


this  ms  token  a*  wholly  duo  to  tho  toil  and  therefore 
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whore  % is  here  tN»  tail  leverage. 


All/ 


*JW«  •eons  to  be  & general  characteristic  of  *sgsoraor^a_flight  and  occurs 
begawee  the  lift  slope  is  inywwuly  yrcjsortionnl  to  and 

varies  little  frees  M ■«  1*2  to  II  v 2. 
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All  other  derivatives  ecrv  nssucaed  negligible. 

the  tobies  bclcr  dLvua  the  values  obtained;  for  convenience  the 
case  and  nancr.t  of  inertia  h vt  beer,  included  lr  the  derivative,  o.g.,  the 
tabulated  Sty  Is  Zy/a,  is  ”7's,  etc. 
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The  coefficient  a of  the  biqmdra  tie  sdth  only  those  fives 
derivatives  are;- 

A r.  - x.  . - 4y  “ Hq 

a = Zv  K - Z K,  * xa  (Kq  ♦ ZJ 
C . - Xy  (l,  H-J  - U K„) 
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Those  arc  set  rut  in  detail  telow  for  the  cere  of  M _•  1.5  »C 
tt  exhibit  the  relative  values  cf  the  various  terns. 

« a 1.5 

1 ..  * ♦ 0.4  *•*.  ♦ C.16?  = c.572 

!i  - ■ . • 7 * 5 . 5 * C.CCS>‘*  5!  0.5-53  n 16.* 

u *•  i x = o.n.f 

D - }•..£  X C. 2 X ‘‘.Oil*  a 0.0161  . 


The  biquadratic  i.  :- 
•*  3 2 

1 ♦ 0.5/2  X ♦ 16,6  \ ♦ 0.tb6  *♦  C.0161  3 0 


and  it*  apprexin&Vo  factors  ore:- 
2 2 

(\  ♦ C.563  X ♦ 1 C.C}(\  ♦ 0.0083  X ♦ 0.00096)  . 

The  biquadratics  for  the  oti*sr  vn lues  of  Id  arc  sirdiar  in 
nature  and  split  into  factors  in  the  a asm.  very  sharp  way. 


The  values  of  the  periods  and  impinge  %rc  tabulated  bulou. 
All  the  notions  are  stable. 
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instead  of  unity  the  rapid  periods  beocese-  i,Au,  1,97,  2.00  and  2. Of.  soca. 


If  a dcwwaa h factor, 


of  0.5  Had  boon  token 


It  io  Boer,  that  there  is  a vell-danpod  oscillation  of  rather 
short  period  (having  in  Bind  the  also  of  the  aeroplane)  and  a phugedd 
which  la  of  nearly  sero  deaping  end  very  long  period, 

o 

the  large  value  of  the  coefficient  cf  X toother  with  the 
fact  that  C*w  - X^B  split#  the  biquadratic  very  closely  into  the 
factors 


H,.j  \ - U ilj'x2  - XaX 


8 zuj 

0 J 


a 0* 


The  two  period.*?  arc  therefore,  very  closely 


and  the  dsaping  factors  arc  apprcadnatoly : - 

and  - 

2 2 


A useful  tac; Jtt.~  oi cn  for  the  raj  id  period  is  7 


Jgl  dO/da 


cheru  K is  radius  of  station,  l is  tho  length  used  in  the  ocrwnt 
coefficient,  and  a is  in  radians. 


It  is  evident  that  quite  aide  variation#  in  the  valuuo  of  all  the 
derivatives  will  not  upset  thooo  conclusions,  -which  really  arise  because 
the  forward  speed,  V,  is  so  large. 

Conclusions 

The?  foil  wing  conclusions  should  apply  to  sont  supersonic 
designs  but,  of  course,  r.e  detailed  calculation#  os  possible  ahould  always 
be  nadc,  especially  if  it  is  suspected  that  any  derivative  io  likely  to 
behave  ahnorocily. 

the  phugdd  is  sc  lightly  damped  and  cf  aush  long  period  that  it 
can  proauBnbly  be  neglected  entirely  in  any  study  of  controlled  action. 

The  characteristics  cf  the  short  period,  which  arc  important,  con  bo 
cosily  found  r.ppradsotely.  The  period  deaand#  only  r knowledge  of  K,, 
the  tending  needs  the  vrIuos  of  ^ and  U which  Zy,  i*  easy  to 

ostiantc  ftelriy  eestsrnbely,  but  > . not  sc’uasy-  (the  present  .stiaatu  is 
obviously  vory  crude j . s 
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If  the  smc  analysts  is  applied  to  a scalier  dealer,  acre  like  » 
guided  weapon,  the  attvs  of  the  solution  la  net  changed.  The  aoat 
siHrdfloeat  nuocrlcai  difference  is  that  the  rapid  oscillation  is  then 
likely  to  hare  a surprisingly  short  period,  often  leas  than  0,5  see.  ao 
that  automatic  control r nirht  be  found  difficult  to  natch  to  thu  response 
of  the  aircraft.  This  difficulty  can  tu  avoided  cither  by  asking  the 
period  longer  by  reducing  to  the  lowest  value  judged  to  be  safe,  or 

by  hooping  the  tiasc  lags  in  fiw  servo  control  very  short.  This  is  a 
point  utiich  oust  always  be  closely  .-atoned,  and  the  feet  that  the 
characteristics  cf  the  o-dllaticn  are  - o easy  to  calculate  approxinnfcoly, 
and  the  analytical  express -dor.  cf  the  esotim  needy  a quadratic,  is  a 
IT  cat  help  and  simplification  in  the  sti*Iy  cf  controlled  notion. 
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